There is increasing evidence that iron overload is associated with increased susceptibility to infection. The precise mechanisms responsible for this susceptibility are still being unravelled. However, abnormalities of immune function, increased virulence of the invading organism and the sudden release of ferritin or tissue iron have all been postulated as being involved. We report the case of a previously healthy 30-year-old man who developed overwhelming Escherichia coli [E. coli] septicaemia in whom a post mortem examination revealed previously undiagnosed haemochromatosis.
CASE HISTORY
A previously healthy 30-year-old man was admitted following the onset of right-sided pleuritic chest pain while playing golf. There was an associated cough productive of rust-coloured sputum, dyspnoea and chills. He smoked 30 cigarettes daily and drank about 40 grams of alcohol per week. His alcohol consumption had increased over the two days before admission. There was no past history of note and no family history of liver disease.
On examination he was flushed and looked unwell. His temperature was 37.3 DC. There was no cyanosis or clubbing. The venous pressure was not elevated. The pulse was regular at 140 beats per minute and the blood pressure was 110/50 mmHg. Heart sounds were dual with no added sounds. The respiratory rate was 34 per minute with bronchial breath sounds heard over the right midzone. The liver and spleen were not enlarged.
X-ray examination of the chest showed an area of consolidation in the right midzone ( Figure 1 ). Arterial blood gases on room air revealed: pH 7.43; P0 2 55 mmHg; PC0 2 34 mmHg; bicarbonate 23 mmolll and 02 saturation 90070. The total white cell count was raised at 21.5 x 10 9 with 84% neutrophils, haemoglobin 14.1 g/dl with normal red cell indices, and a platelet count of 307 x 10 9 /1. Liver function tests revealed normal serum transaminase and bilirubin levels.
A provisional diagnosis of community-acquired pneumococcal pneumonia was made, the appropriate cultures taken, and treatment commenced with intravenous penicillin and supplementary oxygen. Over the next nine hours the patient's condition deteriorated. His temperature rose to 39 DC and his oximetry reading fell to 75% despite being on 15 litres of oxygen via a non-rebreathing mask. He was transferred to the intensive care unit, intubated and intermittent positive pressure ventilation commenced. His arterial blood gases on 100070 oxygen were: pH 7.0; P0 2 68 mmHg; PC02 56 mmHg; bicarbonate 13 mmoIlI and oxygen saturation 82%. The total white cell count had fallen to 1.5 X 10 9 11 with only 2 % neutrophils. A chest X-ray demonstrated evidence of multiple parenchymal opacities distributed throughout both lung fields ( Figure 2 ). FIGURE 2: Chest X-ray taken in ICU demonstrating multiple parenchymal opacities distributed through both lung fields. An endotracheal tube and pulmonary artery catheter can also be seen.
Ceftriaxone and erythromycin were started intravenously and a pulmonary artery catheter inserted. This revealed a cardiac index (Cl) of 4.5 litres/min/m 2 , pulmonary capillary wedge pressure (PCWP) 16 mmHg, systemic vascular resistance index (SVRI) 500 dyn.s.cm -5. m -2 and pulmonary vascular resistance index (PVRI) 160 dyn.s.cm -5. m -2. Despite aggressive therapy initially with adrenaline and subsequently a noradrenaline infusion the blood pressure continued to fall. He became increasingly acidotic and experienced an asystolic arrest 24 hours after his initial hospital admission.
Blood cultures grew E. coli in two bottles and a sputum specimen grew the same organism.
At autopsy, severe bilateral bronchopneumonia was found involving all the lobes. The right lung weighed 1445 grams and the left lung 1310 grams (normal <500 grams). The pulmonary inflammatory infiltrate consisted of Iymphocytes and histiocytes. Only occasional neutrophils were seen in keeping with his profound neutropenia. E. coli was cultured from lung tissue and Anaesthesia and Intensive Care, Vol. 23, No. 3, June, 1995 showed the same sensitivity pattern as the ante mortem cultures.
The bone marrow was normocellular with markedly reduced myelopoiesis. Mature myeloid cells were reduced in number. The liver was macroscopically normal. Microscopically the liver showed marked iron overload with haemosiderin deposition in hepatocytes and Kuppfer cells (Grade 3 out of 4). There was no evidence of inflammation, fatty infiltration or cirrhosis ( Figure 3 ). Liver iron was quantitated by atomic absorption spectrophotometry and was found to be 218 ItmoIlg dry mass (normal 3-33 ItmoIlg). The hepatic iron index was 7.0. The hepatic iron index as reported by Bassett et al calculated as ItmoIlg dry liver divided by the patient's age, is greater than 2 in individuals with homozygous genetic haemochromatosis. Heterozygotes have an iron index less than 2 and normal individuals less than 1. Patients with iron overload secondary to alcoholic liver disease may have an elevated liver iron concentration but the iron index is below 21.
DISCUSSION
This case is unusual in a number of ways and may offer an insight into the development of septic shock in patients with iron overload. E. coli pneumonia is uncommon in normal individuals and is usually seen in severely iII, hospitalized patients or those with granulocytopaenia. That a healthy young man developed such an infection is unusual in itself. The rapid development of fulminant septic shock, circulatory collapse, neutropenia and eventual death within 24 hours of admission was dramatic. The source of the infection is not known although aspiration is a possibility, especially as the patient admitted to an increase in his alcohol consumption in the two days before admission. Although it is well-known that patients with chronic iron overload are more susceptible to infection, previous reports of circulatory collapse have been in patients with advanced liver disease. To our knowledge this is the first report of fulminant septic shock in a patient with post mortem evidence of severe iron overload but no evidence of hepatic inflammation, fatty infiltration or cirrhosis. Indeed, the iron content of the liver was the highest value recorded by the reference laboratory in a 30-year-old man.
In 1949, Desforges described the association of severe shock and circulatory collapse with haemochromatosis 2 • In a review of the literature, lones recorded seven cases of severe shock in patients with advanced haemochromatosis 3 • In all cases the patient died after a short time and at autopsy there was little to account for the irreversible shock. In one patient E. coli was subsequently isolated from blood cultures. Since that time there have been numerous reports of patients with chronic iron overload having an increased susceptibility to infection, especially with unusual organisms. One review quotes five reports of increased susceptibility to sepsis in patients with haemochromatosis. Three of these papers reported infections with unusual organisms (Pasteurella pseudotuberculosis and Yersinia enterocolitica) in patients with advanced liver disease'. More recently, patients with haemochromatosis and chronic iron overload have been shown to be unusually susceptible to septicaemia caused by Vibrio vulnificus'.
Others have questioned whether an assocmtlOn between iron overload and increased susceptibility to infection actually exists, and underlined the difficulty in distinguishing between the effects of chronic liver disease and those of iron overload on host defence mechanisms 6 • Nevertheless, on balance it appears that patients with chronic iron overload are associated with increased susceptibility to certain infections. Indeed, in the neonate, parenteral iron is associated with serious E. coli sepsis7.
Several mechanisms have been postulated to explain the association of haemochromatosis with infection. Among the mechanisms implicated is the possibility that the increased availability of iron stimulates bacterial growth and increases virulence. In haemochromatosis, the saturation of the circulating transferrin with iron is greatly increased, and the blood contains a pool of freely available iron. Vibrio vulnificus has been shown to lack the ability to acquire iron from unsaturated transferrin, but if iron is freely available it is highly pathogenic'. In addition, free iron becomes more available as the pH is lowered, a situation which is commonly seen in circulatory shock 9 • There is also evidence of impaired immune function in iron overload. Neutrophil function is impaired in patients with iron overload secondary to multiple transfusions, and the sera of patients with iron overload have been shown to impede the generation of antigenspecific responses 'O • In addition, iron overload in animals results in a reduction of the number of functional helper cells. Peripheral blood monocytes show impaired lytic activity and natural killer cells show impaired activity against target cells".
The toxicity of iron for neutrophils may be due to the formation of excess oxygen radicals 12 • These radicals might alter phagocytosis through peroxidation of neutrophil membrane lipids '3 . '4 • Oxyradicals have been implicated in the development of the adult respiratory distress syndrome (ARDS) in septic shock". It is well established that neutrophils, macrophages and certain other cells can marginate on the pulmonary endothelium. Endotoxin released from the cell wall of gram negative bacteria stimulates macrophages and neutrophils to release a myriad of compounds including highly reactive oxygen free radicals. Normally the body is able to remove these free radicals before tissue damage can occur. When the level of free radical formation is high, the enzyme systems responsible for their removal are literally swamped and they can then have serious destructive effects on cells. The main targets of these reactive oxyradicals are DNA, lipids, and sulphydryl-containing proteins. Lipid peroxidation disrupts cell membranes and is responsible for the loss of integrity of the alveolar-capillary barrier and altered endothelial permeability frequently seen in ARDS '6 • Iron can be involved in oxyradical formation in two important ways. Firstly, ferrous iron {Fe 2 +} loses an electron during conversion to the ferric{Fe 3 +} form. This electron can be transferred to the oxygen molecule to form the superoxide anion{02-} which is both an anion and a free radical. The superoxide anion {0 2 -} can then go on to form even more toxic oxygen-derived free radicals, namely the hydroxyl{OH-} and singlet oxygen{102}. Secondly, ferrous iron{FE2+} is a catalyst for oxyradical formation '6 • Gutteridge et al have shown that the sera of patients with idiopathic haemochromatosis and iron overload contain low molecular weight iron complexes that stimulate both peroxidation of membrane lipids and the formation of the highly reactive and damaging hydroxyl { OH-} radical 12. It is possible that in our patient the rapid development of circulatory shock, neutropenia and widespread lung infiltration may have been related to excessive production of oxyradicals from two sources, the first from endotoxin-induced macrophage and neutrophil release and the second due to the influence of excessive amounts of free iron as outlined above. This would only have been compounded by the use of 100070 oxygen used in an attempt to improve the patient's hypoxaemia. With increasing anaerobic metabolism and the consequent lactic acidosis, large amounts of iron would be released from the transferrin molecule and in so doing, fuel the formation of oxyradicals and hence tissue damage.
Since ferrous iron is both a potent source of electrons for the conversion of oxygen to the superoxide anion and a catalyst for oxyradical formation, on theoretical grounds iron-chelating agents such as desferrioxamine may prove to be beneficial in the treatment of septic shock in conditions associated with iron overload 12. 
